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TECHNICAL NOTE
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Percutaneous transluminal angioplasty (PTA) has assumed an
important role in the chronic management of malfunctioning
and failed fistulas [1—8]. Stenotic lesions, most commonly
occurring in the venous limbs of such fistulas, are the most
common anatomic cause of malfunction [4]. If left untreated,
these stenoses may progress to total occlusion. Central vein
stenosis has emerged as a serious new medical complication of
hemodialysis catheter insertion [5, 6]. Previous publications
suggest that the duration of a peripheral fistula is an important
associated factor in addition to a previous central vein cannu-
lation [5, 6]. These central vein lesions are not amenable to
simple surgical revision or thrombectomy because of their
intra-thoracic location [5, 6]. Previous reports have docu-
mented the excellent response of subtotal central vein lesions to
PTA [2—6]. This study describes a four year experience with
patients presenting with total obstruction of their central
venous system. To our knowledge, there have been no other
reported series detailing the technique for and results of angio-
plasty of totally obstructed central veins in hemodialysis pa-
tients.
Methods
From 1985 through 1990, over 258 fistulagrams were per-
formed in dialysis patients referred to Duke University Medical
Center for angiography. Fourteen patients were found to have
total occlusions either in the proximal axillary vein (1 patient),
subclavian vein (9 patients), or innominate vein (4 patients).
There were 12 females and 2 males, ages 27 to 63, with a mean
age of 43 years.
All of these patients had upper extremity ipsilateral synthetic
arteriovenous fistulas in place for periods varying from 12 to 36
months. The evolution of signs and symptoms had been gradual
in 11 of 14 cases. Signs and symptoms were characterized by
progressive edema in the arm with the fistula, the development
of venous collateral circulation across the chest wall, and
elevated venous dialysis pressures. Four patients had upper
extremity edema on the side of the fistula exceeding 12 weeks
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(Table 1). Three patients presented with the sudden onset of
unilateral arm edema.
Angiographic evaluation was performed by direct puncture of
the graft according to a standard technique 12, 4, 5]. In all cases,
retrograde flow in the venous channels was evident secondary
to the central vein obstruction with antegrade drainage via
collateral veins. After the lesion (total obstruction) was suc-
cessfully negotiated with the guidewire and dilated successfully
with a balloon catheter, a second balloon catheter was used in
eight patients via the femoral vein to approach and dilate the
lesion simultaneously or sequentially from the superior vena
caval side of the lesion. In these patients, the approach for PTA
was ultimately performed via the femoral vein because of the
size of the sheath required to allow large angioplasty balloon
catheters (10 to 14 mm) to be used.
In nine patients, the diagnostic angiogram demonstrated total
venous occlusion (non-opacification of vascular lumen with
contrast) and no evidence of thrombus—an intraluminal filling
defect (Table 1). In each of these cases, a guidewire could be
manipulated through the occluded segment of vein. Multiple
probing manipulations were usually required to cross the lesion.
Guidewires were manipulated through the vein wall on two
occasions with no adverse effect. A #7 French tapered Teflon
catheter was then advanced over the guidewire and through the
occlusion to facilitate the subsequent manipulation of the an-
gioplasty catheter through the lesion. High pressure balloon
dilatation catheters of 4, 8, 10, or 12 mm diameter were used to
successively dilate the occluded segments. Up to five dilata-
tions were employed in each patient with each dilatation lasting
up to one minute. Angiograms were repeated at the end of the
procedure to document the result of angioplasty (Fig. 1).
In three patients, the diagnostic angiogram demonstrated an
intraluminal filling defect, thrombus, immediately proximal to
the segment of venous occlusion. In each of these three cases,
high-dose fibrinolytic therapy (urokinase 240,000 units per
hour) was utilized to dissolve the thrombus prior to balloon
angioplasty of the remaining venous occlusion. The thrombol-
ysis catheter was buried in the base of the thrombus and was
advanced as dissolution of the clot occurred. Once the throm-
bus was successfully dissolved, the angioplasty was performed
in a manner similar to those nine patients who did not have
thrombus associated with the venous occlusion (Fig. 2).
In two patients, it was not possible to cross the extremely
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Table 1.
Ipsilateral
Patients
Location of
stenosis
central vein
cannulation
Duration of arm
edema Fibrinolysis PTA
1. BF Subciavian vein Yes <One week Yes Yes
2. BF Subclavian vein Yes Four weeks No Yes
3. BF Subclavian vein Yes Five weeks No Yes
4. BF Innominate vein Yes >Twelve weeks No Yes
5. BF Subclavian vein Yes Three weeks No Yes
6, WM Innominate vein Yes Ten weeks No Yes
7. BF Subelavian vein Yes <One week Yes Yes
8. WF Axillary vein Yes <One week Yes Yes
9. BF Subciavian vein Yes Four weeks No Yes
10. BF Innominate vein Yes >Twelve weeks No Yes
11. BF Subelavian vein Yes Ten weeks No Yes
12. BF Subclavian vein Yes Four weeks No Yes
13. BF Subclavian vein Yes >Twelve weeks No Failed
14. BM Innominate vein Yes >Twelve weeks No Failed
indurated subclavian vein occlusion, despite multiple attempts.
In both instances, a femoral vein/inferior approach to the
occluded segment was also attempted, demonstrating an unsat-
isfactory vein more distally and forming an additional indication
for the surgical construction of a fistula in the contralateral
upper extremity. Each occlusion was greater than 5 cm in
length.
Results
Twelve of 14 patients presenting with total central vein
obstruction were successfully treated. In the nine patients with
total venous stenosis, an angiographically and hemodynami-
cally satisfactory result was obtained by angioplasty alone (Fig.
1, Table 1). Moreover, in each of the three patients having both
thrombus and a segmental venous occlusion, an angiographi-
cally and hemodynamically satisfactory result was obtained by
angioplasty after the thrombus had been successfully dissolved
by high-dose fibrinolytic therapy (Fig. 2, Table 1). All 12
patients have had relief of arm edema and have continued to be
successfully dialyzed subsequent to PTA via their existing
fistulas. Follow-up has ranged from 2 to 20 months, with a mean
of six months. During the angiographic procedure, and angio-
plasty in particular, there was no evidence that any thrombus
was present in the venous occlusions, nor were there any
clinically or angiographically detectable episodes of emboliza-
tion as a complication of the angioplasty. In the two patients in
whom the lesion could not be crossed, more aggressive percu-
taneous methods were not clinically warranted, and the patients
were referred for surgical reconstruction of a fistula in the
contralateral upper extremity.
All patients in this study had previous ipsilateral central vein
cannulation (Table 1). Ipsilateral fistula had been present for at
least 12 months in all 14 patients. These findings are similar to
previously published risk factors for central vein stenosis [5J.
Both patients in whom the stenosis could not be corrected had
unilateral arm edema exceeding 12 weeks, suggesting that these
stenoses were of long-term duration.
Discussion
The efficacy of PTA for treatment of subtotal stenotic lesions
Fig. 1. Example of central venous occlusion without thrombus before in dialysis fistulas has been well established in the literature
angioplasty (A), and after successful angioplasty (B). [1—8]. Synthetic PTFE fistulas frequently develop stenotic
Newman et a!: Resolution of vein obstruction 763
lesions of the graft-vein anastomosis, but also commonly in
more central veins, including the subclavian and innominate
veins [2—6]. Surgical correction of central lesions is difficult due
to their intrathoracic location. Thus, the availability of a non-
surgical mode of therapy, such as PTA alone or in combination
with fibrinolytic therapy, is of considerable benefit to these
patients, particularly since PTA can be applied to recurrent
lesions.
PTA of dialysis fistula stenoses has had its best application in
treating stenoses before they progress to complete occlusion.
Previously published reports have helped to define parameters
which enable early detection and elective application of PTA
[41. The reports have established criteria by which clinical
signs, such as poor flow and elevated venous pressures (>150
mm Hg with extracorporal blood flows of 220 to 225 ml/min),
and elevated recirculation ratios during dialysis (>15%), are
used to refer patients for early angiographic diagnosis in an
effort to preempt the progression of any stenotic lesions to
complete occlusion [41. Edema and/or venous varicosities in the
arm are strong indications of a central venous outflow limitation
from the fistula. Consequently, if these criteria are followed,
few patients should present for angiography with complete
occlusion of the fistula.
In the nine patients successfully treated with PTA alone,
there was no angiographic evidence of thrombus, or of distal
embolization (Fig. 1, Table 1). All of these patients had clinical
evidence of a gradual progression of stenotic lesions to com-
plete occlusion. In these patients, the occlusion was probably
secondary to exuberant intimal proliferation to the point of
complete occlusion, rather than thrombosis due to a critically
stenotic lesion. Without a significant thrombotic component,
the process of PTA in such cases would be qualitatively no
different than in nonocclusive stenoses, as long as the occlusive
lesion can be crossed with a guidewire. This experience sug-
gests that when using techniques as described here, even total
stenoses can be successfully crossed with a guidewire.
Proper selection of patients for PTA is critical to the success
of the procedure. The reported experience of several groups
documents that lesions exceeding 4 or 6 cm in length respond
poorly to percutaneous angioplasty [1, 21. Similarly, it is
expected that long segment occlusions would offer much
greater resistance to PTA and would have a poorer long-term
prognosis for patency. Hunter and co-workers reported partial
success with recanalization of occlusions occurring in periph-
eral veins adjacent to primary internal arteriovenous fistulas,
rather than synthetic graft fistulas [1]. However, there has been
no documentation in the literature of primary PTA of total
occlusions occurring in the larger central veins remote from the
site of synthetic Gore-Tex grafts. Previous experience suggests
that peripheral venous lesions tend to be more resistant than
lesions of the central veins [21. Central stenoses also tend to be
shorter in length, and therefore may be better suited for
recanalization by primary PTA.
If a patient presents with sudden unilateral edema of the
fistula arm without antecedent clinical or dialysis findings to
suggest a progressive lesion, a fresh thrombus should be
suspected as the cause of the occlusion which is proximal to a
significant stenosis. These patients would be better treated
either by fibrinolytic therapy with or without adjunctive PTA or
surgical thrombectomy [7—9]. In fact, 3 of 14 patients in this
report had angiographically demonstrable thrombus immedi-
ately proximal to the segment of venous occlusion and were
characterized by sudden clinical onset. Each of these three
patients was successfully managed by fibrinolytic therapy prior
to angioplasty (Fig. 2, Table 1).
The success of PTA without adjunctive fibrinolysis in treating
Fig. 2. Example of central venous occlusion with thrombus (A). Note the lucency immediately
thrombolytic therapy, the lesion was successfully dilated with a balloon catheter (B).
proximal to the occlusion. After successful
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suitable occlusions of varying length in the arterial system is
well known [10, 11]. The best results of PTA in the arterial
system have also been achieved in the relatively short segmen-
tal occlusions [11]. In this setting also, the assumption is that
these "chronic" occlusions are the result of progression of the
atherosclerotic process itself rather than sudden thrombosis
superimposed on a stenotic lesion. Complications arising from
attempted PTA of occlusions due to soft plaques have occurred,
causing embolic phenomena [10, 12]. Similar complications can
certainly be expected if PTA is attempted when fresh thrombus
is the cause of venous occlusion in dialysis fistulas.
In summary, in the relatively short segmental venous occlu-
sions of AV fistulas in dialysis-dependent patients with clinical
evidence of a slowly progressive stenotic lesion in the central
veins, an attempt should be made to resolve the occlusion by
primary PTA. If thrombus is demonstrated angiographically,
high-dose fibrinolytic therapy should be utilized to dissolve the
thrombus prior to angioplasty of the venous stenosis or occlu-
sion. Surgery should be reserved as a final option.
Reprint requests to Glenn E. Newman, M.D., Department of Radi-
ology, Box 3808, Duke University Medical Center, Durham, North
Carolina 27710, USA.
References
1. HUNTER DW, CASTANEDA-ZUNIGA WR, COLEMAN CC, YOUNG
AT, SALOMONOWITZ F, MERCADO S. AMPLATZ K: Failing arterio-
venous dialysis fistulas: Evaluation and treatment. Radiology 152:
631-635, 1984
2. SCHWAB S, SAEED M, SUSSMAN S, MCCANN R, STICKEL D:
Percutaneous transluminal angioplasty of venous stenoses in PTFE
hemodialysis vascular access grafts. Kidney mt 32:395—398, 1987
3. GLANZ S, GORDON DH, BUTT KMH, HONG J, ADAMSONS RJ,
SCLAFANI SJA: Stenotic lesions in dialysis access fistulas: Treat-
ment by transluminal angioplasty using high pressure balloons.
Radiology 156:236, 1985
4. SCHWAB S, RAYMOND JR, SAEED M, NEWMAN 0, DENNIS PA,
BOLLINGER RR: Prevention of hemodialysis fistula thrombosis.
Early detection of venous stenosis. Kidney mt 36:707—711, 1989
5. SCHWAB SJ, QUARLES LD, MIDDLETON JP, COHAN RH, SAEED M,
DENNIS VW: Hemodialysis-associated subclavian vein stenosis,
Kidney un 33:1156—1159, 1988
6. SCHWAB S: Hemodialysis-associated central vein stenosis and
thrombosis: Unresolved problems. Semin Dial (2)3:141—144, 1989
7. SMITH TP, HUNTER DW, DARCY MD, CASTANEDA-ZUNIGA WR,
AMPLATZ K: Thrombosed synthetic hemodialysis access fistulas:
success of combined thrombectomy and angioplasty. AJR 147:161—
163, 1986
8. RODKIN RS, ROOKSTEIN ii, HEENEY Di, DAvIs GB: Streptokinase
and transluminal angioplasty in the treatment of acutely throm.
based hemodialysis access fistulas. Radiology 149:425—428, 1983
9. YOUNG AT, HUNTER DW, CASTANEDA-ZUNIGA WR, So SKS,
MERCADO S, CARDELLA JF, AMPLATZ K: Thrombosed synthetic
hemodialysis access fistulas: Failure of fibrinolytic therapy. Radi-
ology 154:639—642, 1985
10. COLAPINTO RF, STRONELL RD, JOHNSTON WK: Transluminal
angioplasty of complete iliac obstructions. AJR 146:859—862, 1986
11. MARTIN EC, FRANKUCHEN El, KARLSON KB, DOLGIN C, COLLINS
RH, VooRnEus AB, CASARELLA WJ: Angioplasty for femoral
artery occlusion: Comparison with surgery. AJR 137:915—919, 1981
12. RING EJ, FREIMAN DB, MCLEAN GK, SCHWARZ W: Percutaneous
recanalization of common iliac artery occlusions: An unacceptable
complication rate? AJR 139:587—589, 1982
